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Abstract 
Each year, millions of tons of halal food wastes are being disposed into the environment through land-filling or illegal 
dumping activities. Currently, the government has no other cheaper and easier options than landfill. Dumping of 
organic waste materials into the environment will partly contribute to the global warming phenomenon due to
methane gas generation through anaerobic process, occurred inside the landfill or river bed. Methane gas has 21 times
higher global warming potential (GWP) than carbon dioxide and can severely affect the environment if not properly 
managed. Therefore this paper will highlight the concept of biorefinery to enhance the current state of halal food 
waste handling which include kitchen waste, waste cooking oil, food waste, landscaping and garden waste, wet 
market waste, night market waste, halal slaughterhouse waste, food processing facility waste and other types of halal 
waste. Through biorefinery complex these waste materials can be converted into value-added bioproducts such as 
biodiesel, biogas, bioethanol, animal feed, biofertilizer, bioplastic, biomaterial and others. This will enhance the food 
halal industry and also support the government aspiration towards achieving high income country.       
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1. Introduction 
 
Each year, millions of tons of halal food wastes are being disposed into the environment. The global 
municipal solid waste (MSW) generation in 1997 was nearly 0.5 billion tons and the growth trend is 2-3% 
for the developing countries (Abd Manaf et al., 2009).  In Malaysia, it was reported that up to 5,677 
tons/day  of MSW materials (in which 44.8% was organic) were generated in the major cities in which 
Kuala Lumpur was the highest at 3100 tons/day, followed by Melaka (632 tons/day), and Klang (538 
tons/day) (Abdul Jalil, 2010). Although the amount contributed by halal food wastes was unable be 
quantified, the amount is presumed high due to huge Muslim population in the country. The waste 
generation rate also differed depending on the living standards and type of installation under study 
(Sivapalan et al., 2002). The typical types and composition of waste generated in Malaysia is summarized 
in Table 1. 
 
Table 1 Waste types and composition (%) 
No Types Kuala Lumpur (Year 2000)  
(Sivapalan et al., 2002) 
Malaysia (Year 2005)  
(Abdul Jalil, 2010) 
1 Organic  68.67 44.8 
2 Paper 6.43 16.0 
3 Plastic 11.45 15.0 
4 Glass 1.41 3.0 
5 Metal 2.71 3.3 
6 Textile 1.50 2.8 
7 Wood 0.70 6.7 
8 Others 7.31 8.4 
 
One of the main issues of the 21st century is the management of MSW management especially in the 
developing countries. In Malaysia, the total estimated MSW generation was only 6 million tons in 1998, 
however it had increased more than 8 million tons in 2010 and by 2020 the amount was estimated to be 
nearly 10 million tons (Johari et al., 2012). Therefore the country needs urgent measures to appropriately 
manage the waste especially the high value organic fractions. Thus the objectives of this paper are to 
highlight the concept of halal food waste biorefinery, bio-products and future issues and direction related 
to the halal organic food waste.            
2. Halal Biorefinery  
Biorefinery is derived from the words biomass and refinery. The organic fraction of the waste 
materials also can be regarded as biomass. The ultimate goal is to produce a variety of products from 
different biomass feedstocks through a combination of technologies (Fitzpatrick et al., 2010). The 
biorefinery can be based on various materials such as woody material (Dermibas, 2009), 
lignocellulosic materials (Fitzpatrick et al., 2010; Cherubini and Ulgiati, 2010), sugar (Octave and 
Thomas, 2009; Taylor, 2008) , lipid (Octave and Thomas, 2009; Taylor 2008), animal manure (Tan 
et al., 2010), municipal solid waste (Cherubini, 2010), algae and seaweeds (Cherubini, 2010) and 
grass (Takara and Khanal, 2011). Nowadays biorefinery is gaining more interest due to escalating 
environmental problems.  Historically, biorefinery is not a new concept as there were documented 
evidences that ancient Egyptians produced alcohol by fermenting vegetative materials, ancient 
Chinese people applied distillation to increase alcohol concentration, sugarcane has been used in the 
production of bioethanol since 6000 B.C. (Demirbas, 2009). It has been reported that beet was 
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utilized to provide 3000 tons of sugar in 1824 and 1.2 million tons in 1840 (Octave and Thomas, 
2009).    
 
Although the definition of biorefinery differs from various authors, the concept is same. The 
biorefinery concept is based on the use of carbon molecules extracted from plants in order to substitute 
carbons from oil and gas (Octave and Thomas, 2009). IEA Bioenergy Task 42 “Biorefineries” defines it 
as the sustainable processing of biomass into a spectrum of marketable products and energy (Cherubini, 
2010). The examples of biorefinery products are energy, fuels, chemical products, construction materials, 
high value food, cosmetic or medical products (Lyko et al., 2009). The methods of converting the 
biomass materials into various bio-products are similar to the methods that have been applied in the 
petroleum refining (Dermibas, 2009), polymer chemistry, bioengineering agriculture (Fitzpartik, 2010). 
 
Due to the variety of products  that can be produced from waste materials which include halal and 
non-halal waste materials, the concept of biorefinery has to be further discussed for application in the 
mixed religious community. The implications of adopting the biorefinery concept in the mixed religious 
community are huge because of the issues related to the types of feedstock used and the use of the 
products.  
 
The word halal is actually derived from an Arabic phrase which carry the meaning allowed or 
permitted by the Islamic Law. As far as food is concerned, halal means that the food itself and its trading 
or commerce process is allowed or permissible by the Islamic law and the food itself is allowed to be 
consumed by Muslims. In addition the foods must obeyed the following characteristics (Halal Malaysia, 
2012).  
1. Does not stem from or consists of any part of or item from animals that are forbidden to Muslims 
by Islamic law, or animals that have not been slaughtered according to Islamic law; 
2. Does not contain any substance that is considered impure in Islamic law; 
3. Is not prepared, processed or manufactured using equipment or utensils that are not free from 
impurities as defined by Islamic law ; and  
4. That, in the preparation, processing or storage stage, does not come in contact with or is stored 
near any kind of food that does not meet the requirements of para(s) (1), (2) or (3) or any 
substances that are considered impure by Islamic law. 
Therefore by combining the words halal and bioferinery, halal biorefinery can be defined as process 
that use halal waste materials, process it according to the Islamic practice and produce products that can 
be used by the Muslims. However the types halal waste materials need to be further defined because in a 
multi-religions community like Malaysia, it is impossible to segregate between halal and non-halal 
organic waste materials because of the cost factor.     
3. Bioproducts of Halal Biorefinery   
The examples of biofuel products from MSW biorefinery are fuel pellets (Ståhl and Berghel, 2011; Li 
et al., 2001),  biogas (Hilkiah and Igoni et al., 2008; Liu et al., 2012), biohydrogen (Kvesitadze et al., 
2012; Liu et al, 2008), bioethanol (del Campo et al., 2006) and biodiesel (Muhammad et al., 2011). 
Municipal solid waste usually comprises of organic materials, oil and grease, plastic and wood materials 
and non-organic materials. After segregation, both plastic and wood materials can be processed to 
produce solid fuel pellets which can be combusted to produce electricity and heat. The organic fraction 
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can be processed to produce biogas and biohydrogen using anaerobic digestion process. Both biogas and 
biohydrogen can be converted into electricity and heat using combustion equipment and fuel cell, 
respectively. Woody based materials and sugar can be fermented to produce bioethanol and lastly 
biodiesel can be produced from the esterification of oil and grease waste.  
 
Table 2 below simplifies the bio-products that can be generated from various raw materials if the halal 
bioferinery is materialized. 
 
Table 2 Products from halal biofinery 
No Raw materials Products References 
1 Municipal solid waste. Fuel pellets, 
biogas, 
biohydrogen, 
bioethanol, 
biodiesel.  
(Ståhl, and Berghel, 2011; Li et al., 2001;  
Hilkiah Igoni et al., 2008; Liu et al., 2012, 
Kvesitadze et al., 2012; Liu et al, 2008; del 
Campo et al., 2006; Muhammad et al., 2011). 
2 Municipal solid waste, 
dairy waste, cheese whey 
and dairy wastewater, pulp 
and paper wastewater and 
olive mill wastewater, 
palm oil mill effluent.  
Biogas. (Tabatabaei, 2010; Sulaiman, 2009a, 2009b, 
2010). 
3 Municipal solid waste food 
waste  and lignocellulosic 
materials.  
Biohydrogen. (Karla et al., 2012; Elbeshbishy et al., 2011; 
Cheng et al., 2011). 
4 Vegetable market solid 
waste, agricultural 
materials  and animal 
manures such as cow dung, 
chicken and goat manure 
and sewage sludge. 
Biofertilizer. (Suthar, 2009; Roca-Pérez et al., 2009; Suthar, 
2010). 
5 Waste bio-based materials. Polyester, natural 
fiber, poly-
hydroxyl-
alkaonates (PHA), 
poly-lactic –acid 
(PLA). 
(Wu, 2012; Singh et al., 2008; Yu, 2001;  
Ghofar et al., 2005). 
6 Municipal solid waste, 
lignocellulosic residues 
and animal wastes. 
Animal feed. (Pinacho et al., 2006; Guillermo et al., 2006; 
Hassan et al., 1986; Sancho et al., 2004). 
  
Biogas can be produced from the organic fractions of the municipal solid waste, dairy waste, cheese 
whey and dairy wastewater, pulp and paper wastewater and olive mill wastewater (Tabatabaei, 2010). The 
simplest form of biogas producing facility is the municipal solid waste landfill. In addition, biogas 
technology has been proven to successfully treat wastewater generated from palm oil mill effluent 
(Sulaiman, 2009a, 2009b, 2010). Biohydrogen, which is another form of renewable energy also has been 
proven feasible to be produced from different types of organic wastes which include municipal solid 
waste (Karla et al., 2012), food waste (Elbeshbishy et al., 2011) and lignocellulosic materials (Cheng et 
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al., 2011). Biofertilizer has usually been applied to soil as a soil amendment, conditioner, moisturizer and 
providing nutrients and effective microorganism to further nourish the soil properties. Biofertilizer can be 
produced from organic vegetable market solid waste (Suthar, 2009), agricultural materials (Roca-Pérez et 
al., 2009)  and animal manures (Suthar, 2010) such as cow dung, chicken and goat manure and sewage 
sludge (Roca-Pérez, et al., 2009). The important nutrients available in the biofertilizer are nitrogen (N), 
phosphorous (P) and potassium (K) which are important for plant growth. Biomaterials are new materials 
produced from the waste bio-based materials such as polyester (Wu, 2012), natural fiber (Singh et al., 
2008), bioplastics such poly-hydroxyl-alkaonates (Singh et al., 2008; Yu, 2001)  and poly-lactic –acid 
(PLA) (Ghofar et al., 2005). Lastly wastes such as biodegradable fractions of the municipal solid waste, 
lignocellulosic residues and animal wastes can also be processed to produce animal feed as reported in 
many studies. (Pinacho et al., 2006; Guillermo et al., 2006; Hassan et al., 1986; Sancho et al., 2004). The 
country can therefore reduce the imports of animal feed materials worth millions of dollars each year. 
4. Future Issues and Direction 
There are few issues that should be further discussed and come to an agreement between parties in the 
Islamic community concerned with the halal industry. 
 
The further action that needs to be taken by the government in order to enhance the halal food waste 
industry can therefore be simplified as shown in Figure 1.   
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Flowchart of actions to enhance the certification of halal products from waste materials 
 
There is an urgent need to establish a fatwa on various issues related to the recycling of halal and non-
halal food wastes, its processing and also the standing of bioproducts derived from it. Fatwa is a scholarly 
opinion on a matter of Islamic law and it will give the understanding as to whether a product is halal and 
concurrently whether the processes are acceptable by Syariah standards. In a multi-religion community, it 
is non-practical and not cost-effective to segregate between halal and non-halal food wastes as it may 
National committee to further understand various issues related to food 
waste materials and its products. The committe should consist of both 
scientist and muslim scholars. 
Establish fatwa on the food wastes that are mixed or in-contact with the 
non-halal or feces/Najs and products derived from it and also on the 
people that are in contact with the raw materials and finished products. 
Certification agency to endorsed the halal products 
derived from food waste materials. 
Authority to monitor the halal certification and 
verification. 
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come from various premises. When the sources of food wastes are mixed between halal and non-halal, 
then a proper fatwa needs to be established. During the processing of the mixed-wastes, the status of the 
persons involved when in-contact with the mixed-wastes need also to be properly established. Lastly the 
products derived from the mixed-wastes such as biocompost, animal feed and biodiesel are also need to 
be clarified. Once fatwa has been developed, proper regulations to enforce the fatwa need to be 
established. This is to ensure the full practice of the fatwa and raise the confidence of the Islamic 
community of the concerned products. The concerned authority should also look into establishing a 
proper halal certification for the products derived from the mixed waste. Currently the certification only 
focuses on the animal slaughtering, food and pharmaceutical products. This is a timely opportunity for the 
Islamic community to establish a halal certificate for the products derived from halal waste materials so 
that it can be internationally recognized. 
 
Conclusion 
 
Currently millions tons of organic food waste are being disposed-off into the environment which have 
high potential to be converted into various high-value bioproducts such as bioenergy, biofertilizer, 
biomaterials and animal feed . This is a timely opportunity for the Islamic community to start venturing 
into this business. With proper support in terms of funding, fatwa, regulation and certification, the 
commercialization of the biorefinery can be materialized and the products can be traded in the 
international market and contributes huge economic return to the country.        
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